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A srji>r Oi IvUtmaxicm io6 as a sooice 

ts RADIATIOH THEFJtPY 

wmQQmM 

It is the purpoas of this paper to preaent a ati»ay of 
tlie properties of the radiations exltted by Rttihesitus I 06 and 
lie dai]£bters a# applied to the therapy of the oxtorml Xeeicnc 
of cancer» various varte and »ol«s« and stioh other surface di«> 
turbaoees of the body as my be responsive to irradiation* 

Tbs generally aeoeptod curi^nt nedieal praotioe is to 
troat ttwse abnomal eondltione by surfeiy (exoision or cautcrixa-* 
tion)y by the use of various ehesiotherapeutic agents (very United 
in nuniber and oeope)» or by irradiation of the affested area when 
other Mihods are not considered praotioeble* Surgery aad» to a 
lesaer degree ^ ehenotherapy are frequently eoneidered Ispreetlea* 
ble^^^ for a nmber of reasosei 

1* The position of the growth renders surgical 
approach difficult without high nortality or crippling 
risk* 

2* The growth my be too cxteneive* 

3* Hetastases my be preseat* 

A* Tba poor general health of the patient due 
to eardlo-miacular or renel disease, obesity, or 
debility fro* old age* 



IS3«JC.*. 



i V <*a ton A 

fiiOto ^SiTAA fi 



AkXZS5mm21L 

» UmI ^ 4# «V|PC aMv m w *f ^ U n 
W» «el Minidlirf ^ kattlBi alt U 1%1/Mipii «AI 

Umf^ ^ ^ur««i* til ^ «i ugh 

•«K 4»<« <i^1W «(«>««* 

,4^^ilWf>l «t •»liBi m ^0^ M ^bci aa? 1» mbsAM 



r«««) •#««• •‘Urnm^^wm^m ym mm ^ pi 

flwiki lafs4Vta % ne>#*Mrvii ^ m m*mfm Pm mmm* «J 
• »4 okM gr iB iwJ l ai ii^ l— ■ fym inAte 

■ti><imta4 1 ^ ai M iia i <pn BiTiMi ai ta at mtm€^ 

* «n 

Uptwom mr>^Pt0p ^ *» «l#iMf lO U 

ipcUfiHo t» ^lAi tmMtv Km^rnpm 

,m>H. 

rnmtmmm mP «t ^ rn hmw% wf s 

mfti imiP^ •## |0 ifPtamP £^9mm ^ 

m a<Br>alt Xivrt ^ v*4Qi m rr «l 



5* The petlent my, for hi* cum ramotm, arefiaee 
serfieel treataent, 

Aeeordlng to atatlatiee coepiled by the Swedish Cancer 
Aseeeiationf only one<»thlrd of all caaoeroiMt eonditions eoaiiag 
iMder SKdleal supervisloB are axil table for surgergri ead| of those 
who undergo avirg^ry, only one* third (1/9 of the total) show other 
than teaporery^ short-llTed relief* (hie Koet also consider all 
ef the noaeanoeroue eonditioaa« xsany of whieh are cot sal table 
for surgery* It is, therefore, frequently Beeessary to oatploy one 
or BOre of the rarious aethods for radiation thewipy* Currently, 
the Bost eoanatmly eiq^lqfed radiation aoureee are X*ray laiohlnea 
and radium for ganea and/or beta-rsy treatmente* Any of thesa 
BWthede irrrolve essentially the nano hatards ae are found in tha 
deep irradiation therapy of aalignant grovtha which cannot be 
reached by the short-range beta particles* This is true even of 
the radi'oa beta ray applicators slnoe the beta-emitting daughters 
of rediuR are maintained in equilibrium with those emitting gasna 
rays, and thua produce a deep irradiation field whleh is umieoessary 
la tbs treataent of surface lesions, sad is undesirably detrimental 
to the florae 1 tissues of the patient and to the health of the attend- 
ing pfeysiolan. The eaceessfui treatment of any malignant or dlafig- 
urix^ growth by irradiation dapeada upon the adainiatratlon of a 
quantity of radiation auffiolent to produce pemaaent arrest of the 
growth without causiag exteaeive daange to the underlying normal 
tiacue which is essential to proper repair* Where usable, surfaee 
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■3*«z«>J djilk*tr4 1 ^ f«iJt<fHi9 «Dtr«kl^*i3 *f iiAl4-nuaj| 
fr«A»« liw H t^£P% 

Vi«iM M ftM tW^TMM T^ M4I aniJtsiYTWS 

ta4A» mM ^ P‘J) Bnl#U-«f« tiae #TT^^ii**i r'Mnf 

ilt i«0iCi£'r># o%I. /Ml <,cwnu(^aM MIM 

t£lw^ fm rv* ?9 'i^im ^ *k6 

mt ^^£99 «# itfNiaaMt ^Cjicai'r^tt ,ra*i«v^ «U 

*ro% aISaAIw ««43av mC# »«•« w 
v»* t^sivaM <pDi^.^»/AK 9«fBX^ *»oa «tl 

««i^ fe X?th *mHrnM»-vrt Hm^ 

«lt AfMl n» •» a»f «fr^ i!/al^/a»9*» ««^4<nrai 

M icv-um 9»^ca/> atti 

lo ivaa* ar*r *1 <«aX9t^T»<{ a#»4 mniWm^ Uf ta^SMiv 

«'£«t4^at> y^Mfew^x>4 «4f aoRita tf% Ai^ «alM« dt 

MM idZ/lMB aadt 4i^ avIdXiiaaa it* i>«tdKA^ na ib^iitat V 
tr— 9U* d ik'Ma AJal^ mltml^r^t ^ 0AiA 

dia«ta*lM ai dc fUciiaJ aaaltfa to lo^aad «d M 
*Aaat^(t» aili la 4*£«a«f d# d £HtS ^lla^aq aiH to Maa^/^ jMiaa a4l •* 
^ 4a#)^jfc|ta ^jaa Ve dat^aai# at alT .aatat-a^ fd 

• t» •ta:itniil^^*tg^ «rfl itr^ -t>a^,~h «AiiaiCac&l sj a-'*** 

privt lo /Maaa f Araaiawai aa»u>ri «a UiayUiTM <mLT^^^ 

1JMP>1 golflia^ M «« aiM*^ ailiHidira •»'•>••• t%^UM, *’ »arj| 
^••taara -at>ra*« ardlf T aTPry d /ai#aaaa« 4 I 4a«fW arwaAl 



Irradiation haa tb« distinct oddacl adrantag® ia that no surgical 
or asa««thotio risks mod bo takon* 

Fortunatolj^, daring the treatment of a surfaee loslon, tho 
^t~ray or gaiom ray doso reooived by both the patient and tho radiol» 
oglst is not noiiaally eufflelont to indaoa oither the acmto or tho 
chronic typa of radiation sioknoss. Tbo patient^ barlns roceired 
hla treatnont, loaves tbs radiation field and, tharofora, diocontln- 
uas his Qxpoanre* This la not truo of tho attending pl^loian, 
however, for be aitiat also axposo hlisBalf during tho prclininary 
preparations for a treatment and again afteniard is returalns the 
aourco nsad to its place of safe atorage (vhen cources other tl^n 
X-ray eachines are need). In addition, it most bn considered that 
a busy radiologlat will eatpoira hinaelf in this stee laanner nargr 
timet during a single day, and that this dally espoaure is continued 
throughout the year* The proof that many of theeo doctora do receive 
an Injurious doe© leading to chronic radiation injuries »ay he seen 
In the large number of radiologiata nnd dentists who have been com- 
pelltd to undergo amputation of fingeraf and even of handa, In tha 
Mlformed fingernail atruettnre of otbera, and in the fraqmntly 
observad plpmntation ohangea, leukemias, aplastic anmolas, and 
high Inoldeaee ©f eerelnoBa observed In pioneer radlolorista^A) « 

It hes def initely been shoim that chronic ezpoaure to nuclear 
radiations, even at low doae levels, is carcinogenic 

It Is, therefore, essential to develop some new source 
or sources of mildly penetrating nsdlatlon for treatment ef these 
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■urfae* lea ions* whieb will n«t iacluftdc tb« ••riout fpamm^rty 
baiard ineldaniaX to tba «3« of radium souremt for b«ta partlel««* 
Another «drant«g« of •m^Xo^lae; beta ray aouroea other than radium 
dariyatlrea la the elimination of the faa-Iaak baaardf vhleb la ao 
dancaroue la radium vork. For tbia purpoaa* mat^ imraatlgatora baTt 
been examining the table of laotopca, partieularlj thoaa flea loo 
produeta available in relatively lar^ qviantitiea from nmelear 
raactora, la an effort to find beta-emitting materiala with a 
a ml table penetrating power and half-life, with a alnlnuoi of elee- 
tromagnatie radiation* Of the varioua laotopee invaatifatad to 
data, the ourreat favorite la the atrontiuw 90-yttrium 93 family, 
of vbioh the affaotiva beta partiola baa a maxiumutii energy of 
Kav* Hovavar, with appr<^rlata filtering to aliadnata l^a low 
energy 0*63 Hav particle miittad by Sr 90, the Intanalty of the 
radiation field falla to SOji of the aurfaoa doaa in 0«S milU/- 
matara of tlaaua^^^^, at shown in Figure 7* Sinaa the affaetlva 
panatratiag depth in aoft tiaaua of tbia bate partiola ia fairly 
low, and, tharafara, only very a^^rfioial laalona will be raacbad 
by it, It la dtalrabla to find soma other bate aouroa wMeb yoa- 
aaasaa a greater penetrating power, thereby raquirlag a lower 
total aurfaoa axpoaura to the leaion to aahiava the aema thera- 
pautle roatilt. Thla would provide an appraaiahla raduetion in 
tissue aaoroais tmd the raaultant ulearatiom aad aaoondary IM'aotion, 
aa wall at a batter ooaaatie effect, as the lesion beala* 
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a«»if«avii fa^eo*c a*' taafxaaan aii 4ai al4*^»s aMali 
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Sine* hlgbHm*rf!X beta particles Ispingiim on the 
wtallie portlona *f th* applicator holder* eurrently in uee 
produce, a rather high Branwetrahlung flux» it i* alao deairahl* 
to derelop holders vhieh will Minimis* thin effect. Xn addition » 
the applicators should ho designed in eueh a Banner ae to provide 
for eaay Mounting on the patient without requiring the plgralelaM 
to hold thsK in place n* it the eaee with the current Sr ^ appli- 
oatore. 

It is with these faetors in Mind that this study, designed 
to explore the adrantegeotie phyelcal propertie* ef Uu 106 with a 
rlaw to the edTantageous utlllration of theiD In radiation therapy* 
was initiated. Xccluded herein are data ahowlng the intensity 
dlatrihutlon of the beta field aurroundlog varlo.u( Hu 106 source* 
in tissue equivalent pbentone* Infornatlon concerning the relative 
X-ray and gaana ray output when the ealtter 1* elcetropdatod on 
various plating basaa* sogm iaforaation on the physiological affects* 
as well se Methods for Measuring the penetration ef hete particlce 
im tiesue phantoHC. 
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EatfatBlai gi^yrof i 

Eu 106 MS Mlftot«di «• « pot«lt)l« radiation •oux<e» 
for this work doa to tha oonvsalsatly high sasrgjr of tbs bsts 
psrtiels fros the daughter slsnent Hh ]X) 6 f the eoK^rstirsXjr 
eoBstsnt output inolde&tal to its one jemr half»lifs» the 
sztrsosljr low gaasK-ray output relative to a radluM source of 
the saae beta intensity^ and due to the sbssnes of any cas->lssk<« 
sgs prohlsB. In sddltlony rathsnitn» allies strontluaC^^), doss 
not deposit in the skeletal stmieture when eceidentelljr ingested* 



The beta particle trem Ru IO6 is of very low energy* That portlen 
whleb is not elialnated by self ebsorptlon vithia the source 
proper can be readily screened out of the effective radiation 
field by e thin plastic fila which will not aTf»reoiebly ettentiate 
the desired beta field* This nay be readily seen by ooKparleon 



The decay eehese of the Ru 106 fanily ie^ 33 )| 
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of the rs»co of the two pertleXee* The 3«55*Mev pertiele hea e 
ranee of 1*924 fim/BQ cs* while the 0«041-Mev partiole has « range 
of leea than 0«0Q4 £>/•<} oe« 

As part of the general ale of thie project, aa effort vaa 
Mide to deteradae the relative lovela of BreMstrahluag eadaeion 
froB the varioua plating beaea* For eleetron energlee in the aeigh~ 
horhood ef 100 Rev, the efficiency of converaion of electron energy 
to X»rey energy le directly propojrtianel to the etoade miaher* 

That thia le not direotly applieahla to eieotrona of higher energy 
te eubatantlated by ej^rlaamtal work now in progreaa at the labora* 
toriea of the General dec trie Coatpany* However, indicatlona are 
that tha final relati<»uihlpy when developed, will ahow thet the 
coeveraion efficiency for tbeae higher energy eieotrona will be 
aoGie funetlon ef the atoede naaber of the target aaterlal, aiuh 
that tha usa of a target of low atoaia n'jaher will produce leae 
iHnj Otttpat than will tsrgeta of high atoBle nuaber* Gold, copper, 
and berylliUM tiere aaleeted for study in thia aapaet, 

Tha spaeifio Ka 106 aoiiroaa aa^loyad in thia study were 
ftmiahed froM the laotopea division. Oak Ridge lational Laboratory* 
Sine# ORlfL does not specify the exact quantity of Material provided 
in any ahlpaant of this nature, the aaouatc apeeified herein arc 
enly within the aecuraoy of the inforMtlon provldod the ahipping 
jiapara frcei ORNL* 

^oiirca l i S mC Ru 106 electroplated on a gold clico ^.01 
inah thick axkd 1 inch in dianter* Experlacatal avldenes escountared 
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la tb«ii« tents showed tbst the Ru 106 \ms not uniforsly pl«te4 
thereon (Figure !)• Dete ms not tsken froet this disc due to 
the tmsstisfsetorjr nst\ure of the Miitting surf see* 

Sonree 2 t 3 Hu 106 eleotroplsted on s eof per disc 
0.01 inch thick and 1 laeh in dlsmter. ifislDf experiwmtsl 
evidence shoved s leek of tstiforaity in pletiag the ssMple on 
the diso (Figure 2), although this sasg^le ms staff ielently sat- 
Isfsetosy to pemlt the tskicg of dste tberefron. It is iMiIleved 



that both eanples were probably plated on naterisl vMeb had not 
reealved adequate preperation and 



tlon rate* 




Fig* 1* Soviroe 1. 
Autoradiograph ef source in 
spplisator holder* NoW 
the uneven plating ef the 
Ru K)6. 



poasiblyy et too high a depeel- 




Fig. 2* Souree 2* 
Autoradiograph of source in 
applicator holder* Rote that 
the Ru 106 is m&rti evenly 
plated here* 



Source- 3 » This source has oat yet been delivered fron 
ORVL* It hat been requeeied that 3 aC Ru 106 be plated on a 



beryllitss diso 1 sa thick end 1 inch In dlanstor* Although 
hsrylliun Is s difficult snd hsserdous nsterial with which to work^^\ 
it was sslsoted as ths astsrisl with the loweet etonle nui^r with 



which to earry out these teste eetisfaetorily* The ranpe of the 
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4ia*Mail «| jitai 4 » X mH 
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4iK faaijr' Mipa^p i n awnX mI* 44 fv a» 4t»* 4l 
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3*55 partlclo In b*rylliu» is H,1 mi» Sines this 

bsrjUlnB diss should bs eorersd vith about I sat of Al so s 
conveslsnt handling oa8s» ssasntlally sll tbs bsta tajb fras 
this soures ulU he eoaqpXstslj stopped uithiis tbs sourds proper* 
This will slisdnats ataj beta basard from back radiation to tbs 
radiologist who mj bs ealled upon to sanipalate it, and will 
also aaks the appXieator a eonvsnisat sias and weight to bs 
faatsnsd dirsotly to the area to be irradiated* The light- 
weight feature is highly dssimhls in that, although sorfacs 
growths of tbs type to l!)s trusted vith this applioator are not 
nomaUy auppXlsd with mural fibers, prssaurs m the Isalon 
tranafsrrsd to the auzrounding tlsaus san eauss the patient 
eossidsrabls 'fiosoefort* 

Klgatraalc ,Ctrgu1Ai« 

The sisetronio circuit eaipXoyed in this study is cm 
designed by A* 0* Kler''^ ' for use in a nasa mpoetrogr&ph, and 
nodlfled for me as a d.e* ai^lifier vith niniature ionisation 
ehanhars by 0* T* Eggan, who also did the initial eons true tion 
wrk on the iastrustant* Dr* Iggen'a nodlf lea tion narely eon- 
sleted of ei^loyiag one ehaonel of Dr. Xier*e eirooit and mdi- 
fying the f llamat supply of tha aa^llfier to provide the proper 
current for half as nary tubes in series* 

Sines the equipnent had been in dead storage for aom 

tine prior to the beg lining of this project and had been rather 
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badly Di«bftndl«d durlof period » it wee neoessazy to rebuild 
« large portion of tba ayatM baforo It eould bo placed in oper- 
ation* In apr lying thia inatriaisnt to the work wltk rutbeniuaiy it 
va 0 naeeaa&zy to Introduce an additional 100^000 oha reaiator 
into the feedback and m taring olrcult in order to desenaitiae 
the ayataiB to the point vhere it eot;ild properly handle the algnal 
■trength obtained. 

For the aaaiotance of others vbo mj eaploy this aysteati 
operating voltageo ore shown or the circuit In Plgure 3. Caution 
Kust be used to insure that the high volta^s are not appHtd to 
the presRplifler until its cathode has had at laast thirty aaconda 
to vans. It la also adelaable to perait the entire elaetronlo 
oystiM to warn for aereral alnutee to astabllah the stability 
required for thia work. Shielding la naoeaaary on the cable fron 
the preanpllfiar to subsequent siagea as there ia enough cable 
piek^ to aake the ur>shlelded ayaten unatabla. It la also aaoea- 
aary to eatablitih an elec tr leal cozmeetlon betwaan the nereury- 
water ayaten (see diaouaalon of phantcn) and the amplifier, a Inoe 
the changing electric field and static ebarga deraleped while the 
aereury is flowing will otherwise drive the aeter off seal«y 
requiring several aaconda for the ayaten to discharge. For this 
pujrpoaCf It la reeoMMnded that the cossectlon be nada to the 
outer electrode of the ehenber for the additional rcaaona discuaaad 
under ion chanber windows. 
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tbm ioalMtion ch«Qb«r usad as a mttm of atoitjrlxig 
tha Intenaltjr dJatrlbutien of t\uf bats ray flald ia aboun i» 
Flgura 4« It is siiprortad fron a plastio disc in Iho praanpliflar 
houwinfy snd is directly correctsd Into tha prasB^jlifler. Tbs 
ebaabar has a volnaia of 0*006 al* Since 1 r/sae la the aqulTsIant 
of 2*06 X 10^ ion pairs/sae/aly or ona stateouIoab/sac/aX» 1 v 
tor this ohaabar voluae is 7*416 x ICT^^ sBqparaa* This would 
give a signal input to tha grid of tha praaapXiflar of 7*4X6 
aa/r/sacy and if one vara to use a sourca of XCK) r/saa» tha grid 
•wing of 0*7 aoXts vo^ld still ha within ^t allowabla for tha 
VX-41-4 taiad. 

Various window astarisls vara triad with this ehsahar* 
and tha ebaabar was also triad as an opannindad ehaabar* This 
latter provad to ba tsscatisfaetory since water vapor fr<ai tha 
surface of the pbsntoai aborted tha ehaabar* The aoat aatlafaetory 
vliidov aaterial used was 0*002 inch Zapon* Plastics such as 
Zapoa are so close to the stopping power of wstor and are so 
thin t)wit thsy need not be taken into account in ooaputing the 
reduction in bean Intensity by psssaga through the vs ter phantcci* 
AlualnuB windows wars tried and found to be unsstlsfactory* 
Eleetrolytle action ia the phantoa tank rapidly produced pin- 
holes in the window* vhioh resulted ia the shorV-circaitiag of 
the ohaaber* This effect was partially eliminated by placing 

the entire bath at tha ssaa potential as the window » bat enough 
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•IvubIbub cor.tlaxKHl to enter into solution, although stueh aora 
slowly, to produes punoturss la the foil* 

Ari^iUcatpr 

The applloat<Mr holder used in these tests (Figure 5} 
was designed to taifo advantage of the low atoaio maiber of alu8ti« 
SMBi in the production of A-radiation* Tiw actual stiructural 
design was as shown to pentlt essy snd rspld chani^s frcsi oas 
source to another, aa well as to permit the taking of data on 
oiw type of beam oolliioater (the aairoe My be placed in petition 
at either end of the retaining oyliader)* 

I'he beryllix8»*baae aoaree may also he usod in this 
holdor for ooaparison purposet» although tush a Mislve construe* 
tion would not he ueed in therai:^'* 

SitaMg 

To deienains tiM pemotration pattern of the Rh 106 beta 

partiolee in tissue. It was necessary to dovlee »omo Mt! od of 

siaulating tbs stopping power of soft tissue^ sines the use of 

tissue itoslf is not pretoticablo* ir^ater is oCHisenly used for 

that purposet^5»l6,30»36)^ uesd here* 

In this oystM, there also had to ho inoluded provisions 

for accurately varying ths position relstionshlp betwesn the 

saitting surf act and the iaenauring devles (ioa ohand>er}, provision 

for aeasurini; these variations, and safety noasuros for pi*otecting 
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th* op«r«tcr froit tb» high b«ta flux imroIv»d« 

7b« 8^t«ai iibcwa la Figura 6 waf finall^f «to1v« 4 
after trial of aaversl variations tharaof, Slivta wehanical 
sjstass art vulnarahla to tha eorrosiva offsets of water and 
alootroljtes » frequently develop leaks* and eontain inherent 
baeklaoh and other iseolmnioal difficulties* it was decided to 
eiqr'loy a hydratillo systCM to drive the r.ovlag parts of this 
aeohaQlsr.* The tank used was e glass cylinder* 9*56 cat Inside 
dlaaeter, and 10 e« long. Th!e was ttounted on a Iialf-inch 
Flexlglne sheet drilled as shown* and fitted with glass nipples 
for attochwjnt of the nercury reservoir and a bottcai drain for 
rsBovinf sioreury without renoving water or otherwiae dieturbii^ 
the syster, it Plexiglas stage was used upon which the applicator 
ma sounted This whole sssenbly* plus the phanton water* was then 
floated on the aeroury surfooe* The ecele on the side of the tank 
is divided into nllllBetexv* end can, thierefore* be read to tba 
nearest 0,1 am with the aid of a suitable nafnlfying lens. Thus* 
by adding or substraetlng eareury from the systea and reading the 
position of the Flexiglae stage* It is p-ossibXe to dtteraire 
position of the souree relative to the ion ohember* Xf greater 
aoc\nraey or sore finely epaeed readings are desirable* it Is nere* 
ly necessary to eoepute fro* the p^ysleal dlnenelons of the tank 
the volxae of nermcry which nvwt be added or taken away to provide 
the desired variation in source-ehaaber spaeingii When eaploylng 

the volunetric addition of Bareury* constant tea^rature leust 
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to prevent •jcp*itolon •rrom* For a«cur«oy requir*- 
aonta vitbin tJso liKita of th« tank aoala, Mtreui*y i« Ifitroduaad 
froM a Mparatory fitanol aa a aonv«nl«nt yta«XTolr« Uharo eraatar 
atcuracy raqalraiwnta seccaaltat* tho roltwetria adcUtion of 
QMireury^ • barotta la aubatitutad for th« funnel* Feraooa vho 
aay employ ibis ayntea era eautlonad that the buraita anat hare a 
long stopcoeky alnca a abort & loeock will be by tka 

praaaura of ttai aaretuy eoltanx in the burette* It ia «lao aug> 
gaatad thet all hoaa ooimeotloioi be elasped ai:4 laoq’'.jeire(l to 
praTant aplUing aereury* A travaralng darlea for the Ion ehambar 
vaa alao proiri<la4 to faoilltata raproduolbla raadlnga at all 
pointa of the appXlaator aurfaea* A alphon arrangaaant (not 
abovn) vaa alao provided for aonvanianoa in reaKnrlng water from 
the tank during operation without axpoaing the operator to the 
rediation field. A light vaa eount«d behind the tank to laprove 
vielbllity* 7o add eoatraat between the Plexiglaa etaga uid the 
water* a blue dye vaa added to the water. Thia greatly facilitated 
aaaaureoant and raduaad ayeatiain* 

iBp idf BtiX . SaqAwgnt* 

other equipKnt i»ed for gaMa<>ray readings* autoradio* 
grapbe* and the adjaetaant of the alaatronlo eyates ware of the 
variety etandard in any phyaioa laboratoxy and smrlt ao apaolal 
amntlon or daeerlption hare* 
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Thtt •quljwtat for this portion of tho study vos erroacsd 
«• dosoribed* TIm so tool ao«sur«»ent proe«duro» oeeaaiojwlly 
■odlflod tXl^t]^ for spoclal ▼•rlatloiM» v«« «• foUoust 
a« ProporaiioBt 

I, B«I«no« sad toroHiet tho mtorirtc oystom* This vss 
oboekod poriodieally during all ructs to iaouro oontlnuod sails'- 
factory operation* 

Z, Introdusa sufficient Mreury into tho tank to raise 
the source to a convenient level for the test to be perfOTwed* 
Zaaerse the ion oban^r until eoataet is nade with the surface 
of the aj^licator* 

b* HeasuroMnti \ 

\ 

1* Ultb elmsiber In contact with the applicator* 
record the eater reeding* Thla initial reading ie oonuilly eade 
at tha center of the erplioator and it uaed as the *100$ of Svirfeee 
Deee* reference* Record* also^ the poeitien of the etage* 

I 

I 

2* Move the ion eheebar to other points on the ssrfeoe 
of the epplieetor end record the iieter reeding and poeition data 
at each point* These laterel points at vMoh readings sre nsde 
are aeleoted to provide date which will pentlt accurate datentin- 
atlon of tha pei^tratloa pattern* 
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3. Sr&ln Borcury from tbt» tank ualil tJia dealrad 
Bourc«-cha«b»r apeclng Is obtained. Ikioord the new stog* position 
and tb* aeter reading* *t each of the lotersl poeltlon* eeXeeted 
In Step 2. 

A* Repeat Step 3 *t «i« aeny poeitlon* «e mjt be neeeeaery 
to obtain euffiolent date to plot « curve of intnneity versus die- 
tence for each point on the epplioetor aurfece. The esurce«ehaitiber 
spacing le detemined se tho dlffereiwe between the contact poeition 
of the stage end the position et any given reedlsf. distance 
intcnrels of 0.2 or 0*3 sn were ueed \ip to reagee where the intensity 
bcoaae less than 70% of the surface Intensity end where pet tern 
fringes were being es^lned* ll^is was done to loe&te the base 9t 
the curve eecurately (Figure 7). Greeter interveXs are perttisaible 
thereafter. 

5« For eeeh reading obtained in Steps 2-4» coapute the 
percentage of the eontset readins^ using as reference the reading 
obtained in Step 1. Frosi these data^ plot Isodoae pattems for 
each source emloysd (i.e.^ Figure 8}. 

AatoradlftfirtplMi 

Autoradiogxviphe were introdueed Into this study to 
provide the reader with visueX conforwition of eo»e of the icfonwi- 
ilon detemined during the penetration weaeureaients in the tissue 
pbantoa. 
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Am was s*Qtios«d praTiousXyy t)be nonunlf&rndty of aouroa 
plfttiBf la dttnonatratad ^ Figuraa 1 aM 2« Additional autoradio- 
grapha vara pinsparad to auilwtaMtlata tha laodoaa patttraa obtainad 
bj alaotronlo iaeaaurasBnt* Thasa ara ineludad in tha data aactlon, 
along with photodanaitcawtar raadlnga obtainad tharafreai. Thaaa 
vara proparad by a tacking film to a dapth aquivalant to tha aHudUwn 
ranga of tha beta ^rtielaa and applying the aouroa to the top of 
that stack for tha indlcatad pariod» or by nountinir tha fUa 
vartieilly batvaan paraffin blocks aad applying tha aouraa to tha 
adga of the fils* Each fils layar with OMiiIaion van Maaured to 
bava an aaaraga thioknass of 0.223 mm and a danaity of 1.41 iVoe. 
TfauSf aaeh 0.71 am of fil» has an aquiaalaat stopping pov«r of 1 
am of tiaaua or water. Flg^u^a 7 dasonatrataa the oorrelatlott ba- 
tvaan the danoitiMaatrla data and the olactremie data along tha axis 
of tha ajTpllcator. Sinca fils enulaiozia undargo a oatuiaticHH 
affact at high intansitiaa^^^y pxopar eorralation at eloea rangaa 
la difficult to aeconpllah. 

Expoauraa are indieatad with aaeh autoradiograph, tmfont 
Type 906 3&-ray flla was used, and uaa davalopad according to tha 
■anufaoturer^a specif icatlona (4 sinutea in Ou Font X-ray Paralopari 
10 niautaa In Kodak X-ray Fixer j 68 dagxaaa F.). 

Effaatai 

Tha iafonmtlon obUlnad in the brief biological teat 
dona in conjxxnotlon with feia study cannot be eooaldarad adequate. 



24 - 



( 




mt$ m i afTl 9 M ^ 

f# 8# •MMto ^ |«W» «4f % iOM 

acn «4r ^ m WM ^ fM#t Mi# 

4t^ m g pti u «# pr|i|ftr» M» limflf '««i9»« uf»** »p» 

^ Mr»%aiV •Hr ^ 3F l^af •«| ««• ^ 

•«A09 iJai ^ im f *«afi y m m t «a *«irt 

i ta Wi li w^^ i« aW ait) t8 «i f^.v 4*aa 

4«l •» ifii' ■ iiMil f «••#* *s««r «v iM^I# l» «i 

aiv« «•! ^aU ^ali «4a«M«la ^ •«# m# 




•4k£S<|V«M 1# ituafTtiA M 



♦ i< «v% «f «l «H«i«i* i) aSMtaaftivi 



a|4 «i 






< 



7b* t««t was »er*l7 perforiaed %o obtain an indication of tb* n«tur* 
of tb* biological reaction to a Ru 106 aourea. 

Soixro* 2 vns taped to t^e ahaTod book of a lenla rabbit 
for a parted of 15 boura and 40 ainutaa^ for a total aurfaoa doae 
of 23,9CX) rep* The rabbit wae then observed periodleally to deter- 
ai»e any biological effect# • 

fitMiitlga ,flf. i .ItirimUc ipplteatgr* 

To prepare a tharapeutle ax^lioater whleb will provide 
a doae rate aui table for ellsieal uae, the pb 3 mleiati*e require- 
Mnte KMit be considered* Sach tuaor tjt>o posaeeaee its own 
Rlslffiua lotMl dose which Kust be applied to nsure 
growth 

condition of tho ; 

perlode of treateent* In addition* evldeoee has been presented 
which purport# to ebow a rclatloB*hip between the effectiveneac of 
the total dose end tho rate at which It la applled^^^. It is the 
function of the pfayaiolan to correlate these factors and seleet 
the cptimoi total dose and <^tiiiuM dose rate for a partioular 
patbologleal condition* This ptper does not atteispt to do this 
for bin* 

Inelttded heirelB are the oaleulatioiis to be ueed to 
detemine the aetivity for a speelflo treatnent based i;q;oR 
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ths d«alr«d total do«« and tha rate at which it la to be 
adslniatered* 

Rh 106 haa two decay patha for eeeh of which aeparate 
calculation Kuat be Made to deteniine the actual energy trana* 
f erred to an irradiated area* 

Aaaveiinc no Erenaatrahlung to be preaent (introdueed 
later}* the rate at which energy la eadtted from any beta aouroe 
iai 

energy/aec * (nuMber of beta partiolee mitted/aeo) 

(average energy per particle)* 

Iq 1 erga/aee « k?#M where K » nunbcr of aC preaent 

X » nxiaber of partiolea eadtted 
per nC 

« 3*7 X 107 

k «* coaveraion factor fro* Mav 
to erga 

- 1.6 X lOr^ erga/Mev 
£ • awra^ enargy par particle 
To obtain the doae rate in any Btodiua in rep/aeo* one 
auet uee the rep aa defined! 1 rep • 95 erga absorbed per fraa 
of ebaorbent tiaaue* The neaa of ebaorbvnt in any naterial iai 
go 2 gna ■ dAR vhazne d • denaity 

A ■ area of aurfaee irradiated 

R * range of particle of average energy 

£ 

Dlvlalon of Eq 1 by Xq 2 then givee the doee rate of the 
aouroe Mterlal aai 
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^ rep/eec/ga of tiiauo » >:KEHq/d!in whoro q « comroTfion fee ter 

from erge to rep 

«a define'si above 

• 1/95 

Using the density of tiasue as unity end assuadng, tenpo- 

rarily, lOOjt geouti7f substitution of the appropriate coBrersion 

factors Into Eq 3 given 

rep/sec » (3«7 x x 

95 AR 

■ 0,623 m 

Kg L. AR 

AppUeation of Eq 4 to a Sr 90 applicator produced and 

oalibrated by Trsoerlab, Inc.| gives values coaparable to those 

obtained by the ealibration Bsasureiients» vithln a suitable geo* 

Mtrlo correction. This applicator contains sprroxlmtely 25 aC 

of Sr 90f aaximua beta energy of 2,2 MeVf and measured by the 

■anofaeturer to provide 2S.1 rep/see at the aurface. 

The following eqmtlon^^^ persite calculation of the 

average energy per beta particle t 

SSLi tk m - 0,33(1 - (1 

43 4 

where n ■ the ratio of the average beta particle energy 
to the aesixiai beta particle energy. 

For Sr 90, the sverage energy is thersforei 

i - n E, «(2.2)(0.33)(1 - 

43 4 

- 0.S53 Mev 

Eeploying this sversge energy in Eq 4, the Sr 90 appli- 
ostcr in question living s disaster of 7,7 set, the dose ratio isi 
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rtp/aec - 0^623, .,C(?,tS?.3.),(25J • 86,5 r*p/»*e 
0.330 (li 7.72 ) 

4 

To obtaiB th* eallbrated valu® of 28.1 rep/tec, an 
adjuataent factor of 52.5.t auat be appllod to account for loaaea 
dua to applicator gaoactry and to account for eonreraion of b«ta 
particle energy to Breawatrahlang. Thia oorreetion vo*uld sees 
to be of the proper negnitude baaed on tbe Itnitad available in- 
fornation on the internal eonatructlon of thia St 90 applicator^ 
and allowing for the approxlJMtlon error in the 25 aC valvM, 

Siadlar ealeulationa for hh I 06 ahou the average energiea 
of the two beta particles to bet 

K • 1.45 Kev f or 1, - 3.55 Mev 
I ■ 0.88 >jev for « 2.30 Mev 

Applioation of these average energies to Sq 4» with 
proper allouanea for the 82 j(- 18 j( relationship betvaen the two 
daeay patha, and using \tnlt area for the aouroof ahowat 

rap/aae • (iE) ♦ 0.623 igi) for 1 aC 

A (R A (R >2 

vhara subscript 1 pertains to tha 92% decay path, and 

2 pertains to tha 18^ decay path 

g • fraction of transitions by tha 
aalaatad path 

The renge (en of tissue) for the 1.45 Mev particle la 
0.645 os, and for tha 0.88 Mav partiela is 0.344 on. 

Substitution of the given values of g, £, and R, and 
aasuning imit area for oonvanianca, gives 1 
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■ 0 . 6 gl(Q. 8 g)( 0 . 18 ) 

0.3U 



r*p/»eo » + 

0.645 

■ 1.429 for 1 aC Rh lo6 on 1 «q on of «Tirf8e« 

Th« test iipplleator eaplogrtd herein has a geoastry 
faetor of spproxtKfltely 50 % vhen reflection froa the plating base 
sad radiative losses are taken into account. Thus, for each nC/oa^ 
axii^ed la this systea. 0.715 rep/see enter the area to be irradl^ 
ated. This is not tinie in the present practice, since the noBunl» 
foraity of tl» plated surface has already been deaoastrated. and 
the inaccuracies of the shipping data have been sentioned. 
Assum 3 aC to be plated tmifemly on a Cu diae 1 inch in diaoeter. 
Slnea a 1/3 inch lip oovera a portion of the enitting surface, only 
56.3J( of tlw Mdtter is exposed, leaving 1.69 aC effective in 
creating the beta field. Applying the geonetric oorreetione. this 
applicator has 0.593 sC/ca2, end therefore, at^liea (0.593) (0.715) 
* 0.424 rep/s8o/ca2 to the irradiated surface. 

In the preparation of a practical therapeutic applicator, 
it is deeirable that a Minima of the active aaitter be oaakcd 
by the supporting structure. This can be aocoeplished by redxxjtlon 
ef the width of the supporting lip and/or by isasking the area, which 
la ta be covered by the supporting stmeture. such that no active 
depoelt le Made in this region during electroplating. 

In the preceding discussion, the production of Brens- 
strahlung was onitted in order not to detract froei the disousaion 
at that tlae. Since thle process accounts for an appreciable 
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portion of th« •loetroMgMtie mdlstlon in a problem of thia 
8ort» an(^ tharafora, la a major eontributlon to tha radiation 
baaard of high omrgy bata ray aourcaa, it muat ba taken into 
eonaidaratlon* 

In tha introduetory rMarka^ It waa noted that tha 
tma affioianox of oonraraion of alaetron energy to X-radiation 
la probably not an exact linear funatlon of the atomic number* 
Rawavar) ainoa aueh a true ralationahip la not yet available « 
tha direct proportionality approach will ba aa^loyad for tha pur- 
poaaa of thia diaouaaion* The following aqiiatioa(^) will be 
naedi 

n » bS Z /1600 wherat 

n • tha portion of tha energy converted 
to Bremaatrahlimg 

bE » the average energy for a given bata 
ray apeetrum 

mo^ « the reat maaa of tha eleotren 
m 0*00055 nu « 0*512 Mev 

Conalder only the aotiva diae without any applicator 
holder^ axwh that tha Bramaatrahlung amiaaion la due almoat en- 
tirely to eleotrona laqpinging on the plating baee* Over all of 
the beta anerglec from Rh 106^ tha averaga la 1*35 Hav| therefore * 
thia eaetf n ■ 1*65 x 10”^* Valuaa of » for tha materiala 
in thia project are Included in the tables 
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1 s»_ ■ 1. 35 


Em - 3*55 


Gold 


0.130 


0.31 wm 


0.99 Ml 


Copper 


0.04B 


0.67 mm 


2.15 Ml 


Altadnum 


0.021 


2.21 mm 


7.13 mm 


Berylliw 


0,006 


3.29 mm 


11.10 mm 



Tr<m ih* abov* imltwt of n, it is rssdil^ s«en tbot 
bsryUitas is by far the best plating bass for use in attsnpting 
to rsdues X*r&diation field around a beta applicator. It is 
snfortvmate tbat the souress did not arrirs frcn ORi!L in sufficient 
tiMSf or with sufficient aeeosip«ngring inforuatioz^ to permit Tsrifl- 
cation of this statement with adequate experimental STidenee. 

This system contains a gaaaoa«-ray source. AUovanees must, 
therefore* be made for this electromagnetic radiation as well as 
for Bremsstrahlung. As pointed out in the introductory material* 
the patient tuidergoing treatment is e^^osed only for the period 
of the treatment* and need not be considered in the long-tem 
radiationHixposure picture. Therefore* in computing the 
intensity about one of these sources* dose rates will be figured 
as pertaining to the physician* vbo* in general* will be in close 
proximity to the petlent only while actually fastening an appliea«> 
tor to the patient* a person. Sinos bs will bs eome dlstanes away 
(at leaat arm's Isngth) for the remalader of the trestmcnt* ths 
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gq 7 



J0U*/«C • 




CoBpwtins ttMi 4t«t rata ai oaa aatar ilraa a fiar«lli aavraa* 
ana aaat taka Inta aaaaaftt tka thraa dUfarant caaaai«raf aiaic^^laa 
lavalTad. Sq 7 tlaaa kta«aaat 

M/kt/aC at 1 » • (3.6x101^) O.7rlo'^)(3fi00)10^ « . _ « . _ - v 

<*x*i ♦ *A ♦ */j) 

• 0*127 * Iflf^ 

ahara# • Xlraatla* af tranaltloaa tgr a c^vaa patk 

£« • musegy af tha aalitad phetoa ky iha clraa path 

«A^ ^*2^ *3*3 " ^ ^ 



Ba^ Bay faaatratloa Rittam ta tlaaaa Phantaa t 

Iha ckita ahtataai hg Maaaarlng dapth daaa aa a f i aa etlon 
af atrfaaa daaa ara j^raaaatad ia Flcaraa 1$ 8» aad f • 

Fll^ara 7 iaalidaa tha axial 4apth«doaa data abtaiaad 
from Soaroa 2 (ia tha il haldar) Itgr ian tHuaSBrnr wmaM W tm mA p a 
aanra far a 8r 90 appliaatar^^^ far aaaparlaon pvrpaaaa# anl 
plwt o da tn iteaatric raadUafa fraa tha aatMadiosrapba (Fifvra U}* 
It may ba aaan that tha Sr 90 i^ppliaator f laid falla ta $09 af 
lia avrfaaa iatanalt/ at 0*8 an panatratlon lata a aatar phaataa« 
at alilah dtataaaa tha latamttr af tha 8a 106 appUaatar f iali 
rnaitoa ia axaaaa af 3009* fhaaratlaal aansapta iadloata that a 
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■iMllar plat«iitt •hoiild «pp«ar for thm Sr 90 opplioator* How»v«r» 

In ntdleal praotlcoy It !• n«o««««ry to f 11 tor th* 0«$3 Hov 
portlolo taittftd b7 the Sr 90 elnee it will produce an undeelrable 
neerotle condition at the tleaue aurface while the therapeutlcallj 
effeetlte 2.2 Hoy particle fr<m T ^ la dellYerlng the dealred 
depth doee« Thla condition doea r.ot exlat in the Eu-Rh a/atoM, 
alnae the Ru 106 particle la of auch low energy* It la alao 
notable that at a depth of 5 tm, the Sr 90 doae rate ia leca than 
2% Of the ausrfaoe doae while that frca Ru 106*Hh 106 aeurcea ia 
atm 26$ of the aurfaee rate* Thuof it nay bo aeon that the uae 
of Sr 90 applieatora entaila thirteen tinea the total aurfaoo doae 
of a Ru 106»Rh 106 applleator to produce the ease doae at $ m 
depth, with a proportionately aore soYore eurfaee neoroala* 

The feadly of cunrea la Ficure S repraaenia the gredetlon 
of depth doee aa aoaaurewata are nade laterally aeroaa the face of 
the taat applleator* The axial oontaot reading ia uaod aa tha 100$ 
reference* The beta ray bean appeera to be quite well eoUimted 
by the 0*7->M alualnuK lip of the oontalnor atructure^ ainee tba 
intenalty boycnd the linita of the esq^oeed emitting aurfaee doea 
net exeaed a aaell fraction of the intenei^ of that portion of the 
field to be ueed in therapy* UoweYer, for long expoaurea, addition- 
al ooUiaation aay bo doairable aa OYldoneed by the autoradiographa 
ahovn in Figure 12* Thio requi re n en t would, of eourae, be adjusted 
to the ^ppe of tuaor growth or other leeion to be irradiated, ainee 
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Mom cases mj rsquirs a r^^thsr high total doss at all tbs friagss 
and on into the surroiindlng skin. In Bsasurlng thsss Isodoss 
pattsmsy readings were taken along a single radius line in 
order to present the conditions '.d'.leh would prevail if the source 
had been properly plated* The ourres shown are for a coapletely 
iianersed sctirea. TIssvm my not fill the reeeaa in the applicator 
face in actual practice* The isodose pattern could then be applied 
frost the tlssuo surface rather than tto eskitting eurfacsi axvi would » 
tbareforCf glva a better colllmting effect* Due to the phfeical 
diaensloas of the Ion ohaniber and applicator (Figxures 4 and 5)» 
it was not possible to cosplete a oloeesd traverse of the 1004 and 
90.1 Isodose ourveo in the regio'^* of the retaining lip of the appli- 
eator* Bo inteosi^ in exoeae of 254 of the surface dose rat# was 
noted on the aurface of the applicator at a radios of 13 ea from 
the osater^ end no beta intonoity was tiessurtable at the edge, l^aek, 
or side of the container* Conblned guma rtj and BrauuistrahXuiag 
readings, using a Qel^tr*Kueller oouater, (no beta) for Source 2 
■hoiied 14 sur/hr after penetration of 4 ca of tissr^ equiralent 
plastlo* 

Figtire 9 Is an isodose plot of data obtained using ths 
ica ohaaber and approaching tbs sdge of the unshielded So.iree 2 
(no eontainer) ItaBvraed in water* It is ixidieative of the rela* 
tivel7 smIX anount ef oolliaating aaterlal necessary to oonfine 
the beta particle bean to the desired litaits* Ewn as the loo 
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chaajVer i'^proacli*<3 so close to the e<3f« of the disc that eppreolable 
radiation eotild enter directly fro« either face of the disct the 
intensity did not exceed 20^ of the axial reedins* Since the 
geweetry wna so tmsotisfaotory in the neasurexents involved here^ 
it is safe to say that the true gradient and bmxIbrib valtie Is 
mob TSOT9 favorable than indloated* 

itttextd^QgcuEbi* 

The autoradiographs shown in Figures lOy 11 , and 12 
were prepared in oonfirmtio » of the InfcmatloR obtained by 
electronic aeaaureaent* 

Figure 10 woe obtained by laying the applieator holder» 
with Sororoe 2 in plecOf on ite tide on a strip of X-ray filai. 

It serves to denonstrato that no partioulate enlssion is observed 
frtsB the aides of the oontainer. The afiparent curvature of the 
edge is due to the geomtry of a eireular eouree standing on edge 
on a flat plate* The apparent fringing is also due to this 
geoaetrlcal distortion* 




Fifrure li)* Apolioator placed on i^sMde on X-ray file to 

damnetr^ite sharp cutoff oTv^diation floM at np-’li- 
cator surface* £:Q:^oeur« « 5 eoe« Seuroe 2* 
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£1cK|JA« * portioa of • of autorsdlofirmph* ob> 

tainod by «taoklR( X*ray flla In frortof the «ppli«* 
c«tor» It deMoRfltratee the Tarletion is depth deeei 
Ij^poeure <■ X eeo« Source 2* 





«• Contact 



b« 5 layers of flla 
0.1^ fia/eq c« 
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Fifur* 11. (continued) 




•• 20 layers of flla 

0.624 ga/eq oat 



f. 25 leyerc of flla 
0.7S0 gx/eq o« 





g. JO leyore of fll* 
0.936 ga/eq e« 
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Flg«r« 12. Eif« f>£ tUM «xpo«(idi to b«t*-r«x tX»iA trm 

pXlattor. CMKMwtrAtos the outliiM of t!» ndletlcik 
fi«24* jl£xposiir«e • $ aM 20 see* So;smt 2* 
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Flfurtt 11 la a portion of tha aoriaa of autorad iographa 
•ttaiaad hj ataeklng X-ray flla and panditlng tha bata ray baa« 
froB Sourea 2 (la holdor) to paaatrata through tha plla. Dtnal« 
toaatrlc data ara ahoun in Figaro 7* Tha contact axpoaura ahowa 
tha rathar alight frlniring at tha adga of tha applicator vhiah 
can bo graatly radiwad Vy additional eolliaatlon* 

Figaro 12 ia an adga axpoaura and la* in effect^ a 
photagrophie raproduotion of Figura Thla uga graatly ovar- 
aiq^ad in crdar to daaonatrato tha outlina of tha antlra hata 
fiald. 



MiFlflfka]. gfaurfitlftm* 



Tha «)haarTatlona ineludad hara ara proaantad In diary 
fon for eonvaniatwa of intarpratation* Elapaad tiaa la cowputad 
from tha tlao at whieh tha applicator* ooatalning Soarca 2* vma 
MOUDtad on tha taat anlaal* 

Elapaad 

Data and Tiaa tliai 

teaiMln. gtiamUsM »M fiwOTla 

1540* 25 A}»ril Applied aourca to tha ahavad napo of rab- 

bit* a naek vlth adhaaixa tapa. Do 
breaka in tha akin war# obaarvabla. 

0720* 26 April 15*40 No obaanrabla affaot at ranoral of 

applifwtor* 

1600* 27 April 43t20 Dafinita arythana axiatad oxer an area tha 

•laa and ahapa af a kidnay baan* cerraapand- 
ing to tha nora aetixa portion of tha ax>~ 
plica tor (aaa Fig* 2)* Tha coloration waa 
about that of a nodaratcly eexara aunbum* 
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0S15» 25 April 64135 trTthtM •xi«i«5 over an area 

22 Ma in diaaetar* Tha aniira area 
aaa of tha earn color prevloualy ob> 
•ervedj a>n:apt tWt tha area noted 27 
April had becoM a deep Mfanta and 
portions tlicrcof had beooso nacrotio* 
Thera was no diaeoloratioc obaarvabla 
outside an area equivalent to tha e:qr>oaad 
eadtting naterial ef the applieator* 

0515» 30 April U2t35 Severe nacroeia vae evidant over tha 

entira araa, uith eoae aleu$hi»c; in tha 
area eorreependine to tha noro densely 
plated portion of tha source. 



1245, 1 May 



1300 , 3 Vkr 



1300, 5 May 



141*05 Tha necrotic area cppocred ganerally tha 
saMf with the addition of two open 
lesiona arproxtaately 1 nn ia dialer, 
which were present in the aoet intenaely 
irradiated area. A slid erytheaa had 
appearad in a band about 1 mi vide 
surroundinf the necrotic area, apparent- 
ly due to the low intensity fringing 
noted In Figure 5. 

189*20 The entire area appeared the sam as cm 
1 May, with acHaa additional lose of 
skin near the ed^es of the necrotic 
area, and in the spots previously noted. 

213*20 Xo apparent change. 



0900 , 12 Mty 377i20 Be fusrther aloughinf of skin was obssrved. 

The necrotie area vae the sane site. The 
arytheoatoua area noted oa 1 May arpearsd 
to have returned to normtl. The hair 
surrounding the necrotic area had grown 
1/5 to 1/4 inch, Tkers was no apparent 
hair growth in the injured area, nor was 
there any observable epiUation. 



At ell time during these ebservatlons, the enliul appeared 
to be otherwise couple tely norue 1. 

Frcm the obeervation of thia test ani»aX, it Is a*; parent 
that ei^ radiation dmwmgc to tlseue subjected to irradiation by a 
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Ru»Rh «j!T»lic«tor of thi* typo i» oonflnod to tbe aroa Isscodlately 
adjaeoni to tha emitting lurfaca^ and that any fringing of facta 
ara of liadted aararity and heal rapidly* 

Ro hiatologlcal aeatlona vare atudiad In a lirdtad taet 
of thia Datura* Thay thould, howaaar, certainly ha ineliidad in 
tha axtanaira anlaal atudlaa which euat ba dona bafora thia baia- 
ray applieator aay raeoiva any axtansiva clinical uaa* 
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C 9 n«id«rAti»a of tte ItodoM and panttratiiwa iRtenal'Ij 
•anraa far aaft iiaaut« obtoiiMMl la thla atadf* aliont a 1« 106# 

Bh 106 appllaator to 1»a var 7 aatlafaaiar/ for wa la rad i a ti o n 
thar^pjr. 

froparljr eolUaatad# tba Hl|^-caarg]r kata partlelaa aap- 
pllad fc 7 Ih 106 fPotiOm a atrang radiation fiald ta a dapth af atra 
than 5 Baa of tbla iaatapa doaa not antail haavy anrfaaa 
aaoroaia dna to a l aa aa ar c r bata partleXa ITaai tha paraiit Ss 106# 
nor doaa it raqalm ai^aalal^ attaatnatioa; af tka naabla horn ta 
filtar oat lo a -aoa rg y partialaa* nraa# for traatnant of anrfaaa 
laaiona to a daptk af aararal nllllnatara# an ada<i»ita fiald aan 
ba aatabllabad nithont tba iatrodnotian of otkar patkologlaal aan- 
ditiona* Far traataaat af atQ>arfieial aarfaea eonli ti a i i a # atadi aa 
fOngaa Infootiana# tba 0»9-fan 10Q9( doaa-rata ragiaa p«wtta bi#i* 
Intanaity# anrfaaa irradiatiaa vithont aatMlng axtanalva daaaga to 
tba andarlyincttaaiaa* 

I^par calUaatiaQ of tka bata-rajr baan to auit tka 
tkarapavtia problan aan raadilj ba obtainai bgr avriatiaii af tha 
naahanlaal atmetura of tka applieatar boXtar* 

Althoai^ lanna radiatian ia inh«raiit in tbm naa af thla 

iaotapa family# tha Intanaity tharaof la baloir aatabliahad gwaaa ray 

toldranoa ralnaa for aaaraaa baTiag bata«ray doaa rataa in iha naraal 

thampautla raaga* Tka faaaa-ray intanaity ttm Rk 106 la oMeh 
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lowor than that from radlm aourcaa of iat aaM bata^raj intonalt/* 
Dr* Iear7^^'^^ haa ecn^ilod tba ratio of th ifitanaltlea of thaea 
tvo radiatioaa for tJ^pleal rsdiua plaquaa Mid alao tba gradiant of 
doaa rata with dapth* Ha haa atatadi 

"Tba raXua of tha botaogaaaaa ratio for a fuXl-atrangth 
applicator with surfaaa doaa-rata about 5»000 r/br la 
of tha ordar of 25" 

and 

"Tha aoat atriking faatara la tha rar/ rapid falX-off of 
tba dapth doso) a.g.^ only about par cant at 1 >ai*" 

A alallar eoaputation for Eu K>6 applicator# » baaad on tba Taluaa 

obtalnad hareln (aao rraparaticm af Applicator) ahowsi 

bata/gaxM .2jt7jL5 • ,kfcAA,.dfttg JakHM/jQ.. 

0«127zlcr-’ gaMMi doaa rata/aC 

• 5*63 X 10 ^ for Ru 106 , Rh 106 . 

It ia readily aaaa that, froai tha point of panatration of 
beta partiaXasy Ru X 06 ia greatly ax^:^arior to both radius and Sr 90 
appXiaatora aa currently prepared, and has a beta-gaam ratio adran* 
taga over radlua by a factor of 210* It ia balitTad that the advan* 
tagaa of tba Ru I 06 bata*ray panatratlon pattern are ao superior to 
those of Sr 90 that tha low gsBMM«>ray Intanalty which is introducad 
■ay ba tolaratad, aspaoiaXly in rlaw of tha intensity eurrantlj 
tolaratad in tha use of radium* 

Ru 106 is also suparior to radium In that no gas-leakaga 



haaard axlsia 
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b« Buit«rl«.Xl7’ r«4M«d bjr «Mploja«at of 
plating bi.Me ani aMtaiiifra of Im oUmLo Of tho 

laimr at««io niMbar uiarlilai baTsrlliwi Is th« »eft, ootiMfot^avy ia 
that It is a light# stranf solid# and is not naarlj sa ofeaalcallx 
aeilra as ooaa of its oelghbaars in tba pariod.ls table * It* toads 
affasts can be raadily prsreatad bgr prepot haadUaf • 

lha half Ufa et Xa 106 is loef ano^tgh that m appUoater 
eonstrastad thereof has an output of suffislant ootmtomy for nanMil 
tharapautie twa^ A slapls deaar ounra basad on its laltlal aalibnM* 
tiaa raltia la adaqsata to detarsina tha daea rata at tha start of a 
traataant* Such a snail iiartion of ona half-lifa trmspirSNi durir« 
tha fav hot3*s of s trostwHit parlod as to pamlt ths asstaiptiso of 
sonstaaej of oatpnt for tbs parlod in quaatlon« 

Sxaainatlon of tha llaltad arallabla blolagioal data 
dasaribad indieatts tha true tlsssa affaat to ba at prailctad b/ 
tha Maaumsanta in the tiasaa phanten and by -tt^a autoradiocrajphs. 



SCMORt 



n»« problm of tlM )teptli«dOMgo distribution dw to b«t« 
portlelo IrradiAtlMt tr%m sowest of Its 106 In oqullUMrim with 
Xh 3i36 is itodiiod in torn* of Isnltniloa-^cnber nMSuroMKsts in 
n tissns-nqulTnlstit* wator pb«Rton« 

tlMi octnipMini and nst^odn mpln/nd arc dnanrlbod in 
dotftil for ibo tooinioneo of thoso who no/ do fnrthor etodine of 
tkU sort* 

Anxillory dnio oro provldod bj oKiorodioip'ophio otndlM 
nolnc tho Torlono oonreeo ovoiloblo. 

ColonlatiMtft or* el^own to bo In oeoord with tho awolUblo 
•xp»rimttt»l data on tba oanreM otodlod* Yha raonito of tha nal* 
enlatloaa and axpwrlnnntal data danonstraia Ra 106 appUeatara to 
ba praatioabla aaoraaa af blpH-a»argy bata rwye for aaa in radia- 
tion tharapf« Tba alaatranaxiMitla radiation lanralTtd in its naa 
ia naall and aaj ba farthar nlnlalsad bjr uaa af simatval natarinli 
of low atonie iraabtr* Thw fall, off of bata-ragr data rata with 
tioana daptb prawidaa a ration of 0«f-ns dapth at 100$ af tba awfaea 
daaa ratos and a lofai'ilhnia daallna trcm Q^f na ta at 5 an* 

Exanlnatlon of linltad blalasltal afri d a n aa aoRfiinad tha 
antleipatad raaalta aa ta araa affaetad and dapth af tlatm raaation* 
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ft« 106 woiMftM lutv* b*«R »hawn to pigrsloally 

M««ptabl« for ih«r«pint.tle «mni« Initltl biologlMl Hav* 

Qonfirwkl th« phjrsleAl tbtidlMi* B«fer« this rftdioMrtl7« olMMAi imy 
bo pLiood iM goiMKraX allnlaal mmp addltioBal bl o Xa glea l atadlaa mxm% 
ba parParmkt and aaalnuMlv batb aa ta tha affaailvaaaes of tMa tgpa 
of appUeator on aonMl tltana and on itaaor tiaaaa* £n Tiair of tba 
failwa of tha bar3rlXi«n<4}aaad aosraa to arrlva in tUm far atvjj^ 
thia work amt alaa ba aarriad oat* i^blltioiwl daaign woc'k anat 
ba dana with raapaot to appXiaator i^pa and natariaXa* 
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